Lewis Research Center 

Space Flight Systems Directorate 



PRTuJfJDjiTG PAGE BLANK NOT FILMED 


cryogenic Fluids Technology Office 



V 









% 


\ 

i 

l 

r 


( 

l 

f 



> 



z 

32 

LJ 

£**> 

> 

UI 

< 

a 



LJ 

O 

X 

F~ 

a 

X 


iu 



LJ 

M 

H 

4/1 

o 

H 

< 

to 



03 

CO 





M 

< 




„J 

O 


o 

tn 

> 

CO 




:3 

Z 

LJ 

z 


1 



O 

a 

< 

D 

X 

< 


D 



z 

o 



a 

X 

7“ 

z 



o 

i*2 


> 

LJ 


O 

X 



„i 

!X 

>« 

o 



o 

< 

o 


> 

to 

>- 

LJ 

H- 

CO 

02 

CL 

to 

Q 

M 

F- 

t/> 

<c 

mJ 

o 

z 

X 

a: 

O 


C5 

O 

<s 

X 

* 

<0 

LJ 

-J 

C3 

-J 

o 

o 

LJ 

u 

e 

z 


~J 

o 

z 

H 

FOR 

-J 

a 

H 

M 

U, 

u 

OF 

p™ 

a 

w 
— ! 
LJ 


X 

z 


X 


M 


LJ 

a 


o 

LJ 


LJ 

X 

z 

n 

02 

a 


LU 

1— 

h 

£ 

LU 

o 

< 

> 

a 

o 

_i 

> 

02 

LJ 

O 

M 

X 

3 

LJ 

a 

o 

> 

u* 

W 

X 

to 

02 

H 

X 

d 

LJ 

s 

-j 

< 

z 

z 

z 

o 

IjL 


02 

Q 

02 

o 

c 

?ai 

x 


z 

X 

CO 

CO 

o 

to 

LU 

M 

H 

M 

H 

LJ 

a 

< 

z 

< 

z; 

a 

M 

FLUID 

u 

Li 

H 

O 

z 

M 

-I 

< 

u 

h- 

LJ 

U 

< 

a 

H 

O 

a. 

LI 

O 

-J 

LJ 

The LeRC 

mU 

o 

CL 

to 

LJ 

X 

H 

X 

b~ 

( 3 

Z 

M 

0. 

o 

t 

>* 

•J 

< 

z 

< 

a 

z 

w 

< 

H 

Z 

u 

X 

H 

02 

LJ 

a 

c Flu 

O 

M 

Z 

LU 

CO 

< 

z 

LJ 

AS S 

Ll 

o 

H 

02 

LJ 

a 

2 

__1 

LJ 

> 

LJ 

D 

> 

-J 

O 

> 

z 

X 

LU 

LU 

O 

H 

o 


X 

w 

M 

"1 


M 

< 

2! 

o 

z 

o 

z 

_J 

mni 

L. 


CL 

LJ 

> 

< 

3 

LJ 

2-1 


O 

X 

to 

1 

a 

02 


(A 

a 

CO 



< 

o 

o 

(/) 


o 

< 


>- 

02 

z 

>* 


<£ 

w 

>~ 

0. 

o 

H* 

O 

w 

02 



CO 

02 

< 

H- 

w 

O 


o 

-J 


z 

a 

a 

Ul 

-J 

02 

Q 


< 

a 

o 



CJ> 

w 

a 

z 


o 

LJ 

H 


C5 


CO 


< 


w 

N 

K 

>- 

Z 


M 

D 



1- 

H 

< 

M 

M 


to 

LJ 

o 


M 

z 

u 

CO 

u 

LJ 

z 

a 

z 


a 

a 

H 

02 

W 

a 

o 

z 

w 


o 

o 


O 

> 

M 

0. 

< 

H 


m 

a 

a. 

1 

02 

L. 

to 

-J 

(O 


=> 

LJ 

a 

z 

LJ 

Ll. 

LJ 

< 

LU 


oo 

ac 

< 

o 

to 

O 

02 

CO 

H 


308 












Cryogenic Management Technologies 
















1 

i 

■ i 

1 


i 

i 


i 


<> 




Cryogenic Fluids Technology Office = 


Cryogenic Nitrogen Cooling Capability 



X 

o 

Li. 

z 

to 


to 

to 

X 

o 

CD 

a 

5— 

O 

Hi 

M 

UJ 

HI 

HI 

o 

k- 

Z 

M 

X 




a 



t£ 


H 

X 

w 


H- 


<s£ 

UJ 

a 

u 

UJ 

O 



in 

Z 

es 


cc 

M 


X 

X 

Ui 


in 

w 

w 

z 

UJ 

X 

o 

a 

a 

X 

>- 

cd 

< 

X 

< 

X 

-J 

UJ 

'W' 

UJ 

k- 

-J 

< 

X 

-J 

H 

H 

u. 

> 


CL 


H 



u. 




o 

>- 

in 

tO 

a 

Z 

o 


UJ 


UJ 

X 

CL 

w 

UJ 

< 

k“ 

to 

2 

<0 

X 

UJ 

-J 

X 

to 

oc 

> 



z 

k- 

oc 

4 

X 

M 

o 

O 

< 


o 



X 

H 

>: 

UJ 

H 

o 

< 

<0 

H 

UJ 

UJ 

z 


TO 

HI 

H 

< 

t- 

< 

X 

z 

HI 

5— 

Z 

UI 

UJ 

tO 

>- 

to 

UJ 

Q 

UJ 

-1 

UJ 

>- 

a 

W 

k- 

UJ 

GO 

2 

OC 

X 

to 

H 


X 

> 

CD 

J 

H 



to 


< 

OBVIOUS 

H 

UJ 

CL 

CL 

O 

to 


to 

TICAL 

—1 

to 

z 

< 

DC 

X 

H 

H 

3 

-J 

UJ 

tL 

UJ 

z 

Ui 

CD 

a. 

< 

UI 

X 

< 

Uu 

UJ 

X 

M 

to 

to 

< 

a 

z 

M 

to 

< 

UI 

oc 
/ \ 

UJ 

oc 

0. 

z 

M 

oc 

a 

H 

D 

UJ 

H 

X 

to 

to 

z 

H 

o 

o 

to 

H 

X 

X 

sy- 

H 

< 

H 

cc 

X 

Less 

< 

UJ 

Cl 

oc 

o 

>° 

U 

z 

UJ 

CL 

X 

<0 

o 

M 

X 

3 

H 

a 

o 

to 

QC 

a 

-j 

BY A 

Q 

u. 

oc 

u. 

CD 

1Z 

I— 

M 

CO 

z 

UJ 

riCar 

HI 

D 

Z 

H 

< 

X 

a 

u. 



to 

< 


H 

w 

a 

< 

H 

o 

Q 



u 

2 

< 

f- 



Q 


UJ 


UJ 

M 

UJ 

Ui 

-I 

z 

UJ 

k- 

fit 

LU 

o 

< 

OC 

M 

X 

H 

X 

a: 

< 

H 

M 

cc 

<o 

>- 

CO 

X 

u. 

X 

to 

UJ 

w 

O 

OC 

H 

H 

Z 

CJ 

UJ 

a 

M 

to 

X 

o 

a: 

o 

oc 

z 

HI 

<o 

>- 

mJ 

a 

UJ 

oc 

< 

> 

oc 

Ui 

3 

UJ 

k- 

UJ 

0. 

l&J 

X 

oc 

u 

c 

t^) 

« 

to 

a 



in 

X 

X 

K 

o 

< 

Ui 

UJ 

z 

< 

in 


> 

to 

u. 

k- 

oc 

X 

o 

to 

-i 

X 

to 




z 

a 

X 

H 

M 

UJ 

UJ 


X 

UJ 

< 

Ui 

J 

L. 

a 

> 

h 

-J 

a 

a 

X 

> 

a 

o 

i 

Ht 


UJ 

<0 

< 

UJ 

oc 

k- 

a 


> 

Q 

c/> 


> 

o 

OC 

u. 


< 

> 


q 

X 


in 

W 

H 


z 

to 

mJ 

h- 


o 



H 

X 

z 

M 

M 

nJ 

Z 


M 

UI 


H 

<3 

3 


o 

< 

< 

k- 

> 

nc 

oc 


UJ 

< 

>- 


X 

k- 

< 

CD 

X 

UJ 

CJ 


oc 

—1 

< 

z 

to 

UJ 

O 

in 

H 

oc 


a 

-J 


HI 

z 

X 


tn 

< 

UJ 


X 

< 

o 

h 

o 


UJ 

UJ 

UJ 

CL 

UJ 

H 

X 

to 

Z 

a 

UJ 

X 

CL 

oc 

X 

X 

w 

to 


o 


X 

k- 

CL 

a 

<0 

H 

3 

X 

< 

o 

< 

H 


H 

M 


CD 

< 

a 

< 

u 


o 

z 

M 


o 

o 

o 


to 


a 

Hi 

X 


LVi 

X 

H 


314 



j 


Cryogenic Nitrogen Cooling Cb 

Subcritical vs. Supercritical Storage 



in Percent 





H * 
W < 
LU W 

H Z 

</) z 

H H 
X < 
H H 
Z 

Lu M 
O <£ 
2 
UJ 

> o 

H L. 


2 > 
m u- 

o C 

o 

H CO 
Lu 2 
M UJ 
O H 
UJ tO 
Cl > 
<0 to 


3 w 

o 

X ^ 
UJ Q 


or to 

o 2 

Lu UJ 
H 

to to 


I- UJ 

a a 

H < 

a a: 
UJ o 
OC H 
a to 


O UJ 
2 O 
< O 
X >- 
a; a: 
o o 

Ll 

oc a 

UJ UJ 


> 

(0 

• 

-J 

DC 

3 

z 

< 

< 

O 

o 

o 

-J 

UJ 

w 

M 

-J 

to 

<0 

i- 

H 

< 

J 

>- 

CL 


3 

— i 

< 


a. 

< 

O 


X 

z 



LU 

< 

Z 

z 



o 

o 


X 

M 

H 

a 

h- 

H 

H 

H 

M 

< 

w 

3 

3 

a 

to 

d 


H 

M 

M 

a 

z 


-1 

UJ 

X 

d 


DC 

X 

o 


< 

X 

< 

Ct 

CL 

o 


O 

X 

a 

a 

u. 

o 


M 


o 

-j 

3 



< 

d 

Q 

u 

H 

H 

LU 

ffl 

O 


CO 


H 


2 

J 


a: 


J 

< 

o 


H 


Ll 

UJ 

3 



CO 


9 

o 


z 

oc 

UJ 


O 

UJ 

>■ 


H 

<0 

o 

_1 

H 

3 

mi 

CL 

< 

X 

CL 

X 

Q 

UJ 

z 

UJ 

to 

=3 

to 


a £* 

3 | 
2 3 

™I -J 


CO Ll 
=5 O 

o 

UJ LL2 

<0 Z 

< o 
a 


2 £ 
UJ < 
H 3 
< d 
a: 

H Q 
(0 UJ 


UJ UJ 
Q 2 

H < 


Q H 
UJ 2 
H < 
UJ r* 


W CO 

a uj 
cc 

w ft. 


Q 2 


• « 
UJ 

o 

w 

-J 

o 

< 

a 

H 

to 

z 


M 

3 

M 

Ll 

M 

X 

a 

UJ 

a 

X 

rJ 


h* 

M 

• » 

d 



z 

< 

< 

M 

a 

>' 


>- 

w 

X 


M 

QC 

z 

3! 

H 

-J 

HH 

«J 


o 

z 

X 

O 

>° 


X 

< 

-J 

CL 


a 

H 

DC 

h* 

o 

IS) 

d 

Z 

x: 

CL 

a 

Ll 


Li 

OO 

o 

> 

H 

< 


r> 

UJ 



H 


X 

h- 

-J 


X 

CO 

mJ 

O 

a 

UJ 

Q 

oc 



X 

« 


o 

UJ 

UJ 

o 

H 

UJ 

III 

UJ 

H 

o 

z 

o 

H 

DC 

=3 

X 

U*l 

X 

H 

Ll 

UJ 

o 

< 

o 


d 



H 

3 


(3 

£0 

O 

H 


W 





Q 

O 

3 

w 

(0 

-J 


III 


o 

Q 

Z 

DC 

to 

DC 


< 

a 

UJ 


H 

UJ 

< 

H 


CD 


h 

L_1 

• 


CC 


H 

>- 

< 

«• 

Z 

H 

M 

UJ 

Q 

< 

a 

2 

-J 

Ll 

z 

UJ 

z 

UJ 

VI 

CO 

QC 

=5 

LU 

X 

a 

X 

u 

H 

D 

a 

a 

Li 

US 

a 

X 

H 

a 

ft 

to 

o 

o 

UJ 

H 

3 

a 

o 

DC 

o 

LL 

<o 

< 

o 

X 

3 

to 

H 

DC 

UJ 

> 


UJ 

H 


O 

d 


> 

h- 

a 

oc 

u. 

a; 

H* 

UJ 

< 

H 

3 

UJ 

H 

X 

o 

o 

a 

< 

CD 


— J 

l- 

Q 

Z 

UJ 


& 

„ < 
DC uj 


a co 

uj 


£- <0 
O to 

“ s 


-J UJ 
mJ X 
M h— 

3 


< H 

OC 

3 ^ 

a 

(/> w 


a m 
o_ z 


ANALYTICALLY DETERMINED "TARGET TEMPERATURE," ONCE AGAIN EVACUATED TO SPACE AND THEN NO- 
VENT FILLED WITH A SMALL QUANTITY OF LIQUID NITROGEN. THE BOTTLE WILL BE ALLOWED TO SELF- 
PRESSURIZE DUE TO ENVIRONMENTAL HEATING AND THE FINAL TANK PRESSURE WILL BE COMPARED WITH 
ANALYTICAL PREDICTION. 
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PRESSURE DECAY DURING TVS OPERATION. 
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